We discuss the implications of partial dynamical SU(3) symmetry (PDS) for the structure of the lowest K=0 + (K = 0 2 ) collective excitation in deformed nuclei. We consider an interacting boson model Hamiltonian whose ground and γ bands have good SU(3) symmetry while the K = 0 2 band is mixed. It is shown that the double-phonon components in the K = 0 2 wave function arise from SU(3) admixtures which, in turn, can be determined from absolute E2 rates connecting the K = 0 2 and ground bands. An explicit expression is derived for these admixtures in terms of the ratio of K = 0 2 and γ bandhead energies. The SU(3) PDS predictions are compared with existing data and with broken-SU(3) calculations for 168 Er.
The nature of the lowest K=0 + [K=0 2 ] excitation in deformed nuclei is still subject to controversy. Recently its traditional interpretation as a vibration in the β degree of freedom [1] has been actively discussed and contested [2] [3] [4] [5] . The preferential decay of some K=0 2 bands in deformed nuclei to the γ band rather than to the ground (g) band have led Casten and von Brentano to suggest that these bands should be understood as phonon excitations built on top of the γ band [2] . Such decay pattern is consistent with calculations [6] in the interacting boson model [7] (IBM) and in the dynamic deformation model [3] .
This new interpretation was subsequently questioned and challenged. Burke and Sood have claimed that the observed relative E2 strengths could arise from rather minor double-γ-phonon admixtures [4] . Günther et al. have argued that the empirical evidence presented in [2] involves higher-spin levels which are sensitive to K admixtures, and have shown that band mixing calculations can explain the K = 0 2 → γ transitions without the assumption of double-γ-phonon character [5] . The most relevant information needed to resolve the structure of the K = 0 2 band lies in absolute transition rates. An important step in this debate was therefore the measurement of lifetimes of the lowest 2 [9] . This nucleus was recently shown to be a good example of SU (3) partial dynamical symmetry (PDS), for which the ground and γ bands have good SU (3) symmetry, while the lowest excited K = 0 2 band is mixed [10] . The purpose of this work is to study the nature of this band under the assumption of SU(3) PDS and to compare the predictions with the above mentioned 168 Er data and with broken-SU(3) calculations in the IBM framework.
An IBM Hamiltonian with partial SU(3) symmetry has the form [10]
Here s † (d † ) are monopole (quadrupole) bosons whose total number is N, the dot implies a scalar product and
µ are boson-pairs,P 2,µ = (−1) µ P 2,−µ . For h 0 = h 2 the above Hamiltonian is an SU(3) scalar related to the Casimir operator of SU (3), while for h 0 = −5h 2 it is an SU(3) tensor, (λ, µ) = (2, 2). Although H is not an SU(3) scalar, it has a subset of solvable states with good SU(3) symmetry.
The solvable eigenstates belong to the ground and γ splitting but do not affect the wave functions.
The Hamiltonian of Eq. (1) with h 0 = 2h 2 = 0.008 MeV was used in [10] to demonstrate the relevance of SU(3) PDS to the spectroscopy of 168 Er. The resulting SU(3) decomposition of the lowest bands is shown in Fig. 1 , and compared to the conventional broken-SU (3) calculations of Warner Casten and Davidson (WCD) [12] where an O(6) term is added to an SU(3) Hamiltonian, and to the consistent-Q formalism (CQF) [13] , where the Hamiltonian involves a non-SU(3) quadrupole operator. In the WCD and CQF calculations all states are mixed with respect to SU(3). In the PDS calculation, states belonging to the ground (K = 0 1 ) and γ (K = 2 1 ) bands are pure Elliott states φ E ((2N, 0)K = 0, L) and φ E ((2N − 4, 2)K = 2, L) respectively, while the K = 0 2 band is mixed and has the structure
Hereφ E denote states orthogonal to the solvable γ 
), the wave function of Eq. (2) can be expressed in terms of the probability amplitudes for single-and double-phonon K = 0 excitations
It follows that in the PDS calculation, the K = 0 2 band of 168 Er contains admixtures of 12.4% γ 
rare-earth region [2, 6] constrains the parameters of H to be in the range
In general the K = 0 2 wave function retains the form as in Eq. (2) and, therefore, a 3-band mixing calculation is sufficient to describe its structure. To gain more insight into this band mixing, we calculate the matrix elements of H (1) between large-N intrinsic states [15] 
To order √ N , the symmetric matrix elements (M ij ) are
Diagonalization of the 3 × 3 matrix M ij provides a good estimate both for the bandhead ratio and for the single-and double-phonon probabilities (
2 , as shown by the dotted lines in Fig. 2 . When the lowest eigenvalue of the matrix M ij is smaller than both 2ǫ β and 2ǫ γ , the eigenvalue equation simplifies, and we can derive the following expressions for the bandhead ratio
and for the mixing amplitudes An important clue to the structure of K = 0 2 collective excitations comes from E2
transitions. The relevant operator is
where Q (2) is the quadrupole SU(3) generator and Π 
Hereφ E (K = 0, L) is the state orthogonal to the solvable Elliott's state φ E (K = 2, L) in the irrep (2N − 4, 2) . The Elliott states in Eq. (10) can be expressed in terms of the Vergados basis [16] for which the reduced matrix elements of Π (2) are known [17, 18] . The E2 parameter θ in Eq. (10) (3) breaking and the admixture of double-phonon excitations in the K = 0 2 wave function. In Table 1 we compare the predictions of the PDS and broken-SU (3) The latter refers to an extreme and, therefore, highly unlikely feeding scenario. Second, the for the 0
The latter is a factor of 7.8 (or 3.9) larger than the value 2.8 ± 0.4 W.u. of Härtelin [9] . An independent measurement of the lifetime of the 0
168 Er is highly desirable to clarify this issue.
To summarize, we have investigated the nature of the lowest collective K = 0 excitation in deformed nuclei under the assumption of SU(3) partial dynamical symmetry (PDS). We have presented three types of calculations: an exact diagonalization, a 3-band mixing calculation using intrinsic states, and an analytic approximation to the latter. In this framework, the SU(3) breaking and double-phonon admixture in the K = 0 2 wave function are intertwined.
The mixing is of order (1/N) but depends critically on the ratio of the K = 0 2 and γ bandhead energies. It can be obtained directly from a knowledge of absolute E2 rates connecting the K = 0 2 band with the ground band. a) The two numbers in each entry correspond to an assumption of pure E2 and (in parenthesis) 50% E2 multipolarity. 
